ABSTRACT Average daily gain between birth and 30 d of age of 42,644 lambs of Swiss Black-Brown Mountain Sheep were used in this analysis. The influence of amount of pedigree information on computing time and on REML estimates of population parameters was investigated on a subset of 7,848 lambs. If all available pedigree information was used, 89.4% of the lambs had at least four complete generations of known ancestors. For the reduced pedigree information, only parents and grandparents of a lamb were included. In the data set with complete pedigree information, 2,616 additional animals (without records) caused 19.4% more equations, 4.6 times the number of non-zero elements in the system of equations, and 21.2 times the computing time to reach convergence. The difference in amount of pedigree information had only a marginal influence on the estimates of direct heritability ( h 2 ) , maternal heritability ( m 2 ) , permanent environmental effects, and on the genetic correlation between direct and maternal effect ( r m ) . The complete data set of 42,644 recorded lambs was randomly split into four subsets to save computing time. In a fifth subset of 27,787 lambs (Set C) all combinations of recorded grandparents and grand-offspring were accumulated because they contain information on the covariance between direct and maternal effects (cov[AMI). Including cov(AM) in the model assumptions increased estimates of h2 and m2 in all subsets. Estimates from Set C were smallest but showed the same trend. The estimate of r m was always strongly negative, 5 -.64. Taking flock-year contemporary groups ( FY) random instead of fixed reduced h2 to some extent and increased estimates for r m . The estimates for h2 and m2 from Set C without cov(AM) and FY fixed were .20 and .02, respectively. The estimate for r m from Set C and FY fured was -31.
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Introduction
Lambing and survival rate, milk production of the ewes, and growth potential of the lambs are probably the most important traits in a genetic improvement scheme for meat-type sheep. Both dam's milk production and a lamb's inherent ability to grow are expressed in preweaning growth traits. Preweaning growth, thus, contains both direct and maternal genetic effects and attempts are undertaken to separate these effects and to use them in an appropriate manner as selection criteria. The Swiss Black-Brown Mountain Sheep breed is remarkably prolific compared with other meat-type breeds (2.2 lambs per year; Annual Breeding Report, 1995) and has a rather good growth potential (374 gld to 30 d for single-born males of an adult ewe; Annual Breeding Report, 1995). The breed is rather unique and has hitherto not been under a systematic breeding scheme. Increasing lambing rate is not of primary concern; therefore, selection effort could be directed toward improving direct and maternal effects for growth traits. Weight at birth and weight at 30 d of age of lambs are recorded routinely to provide information on ewe performance. The main objective of this study was to use these records t o estimate genetic parameters for direct and maternal effects of lamb growth to 30 d. Further objectives were to investigate the influences of 1) an extended or restricted amount of pedigree information, 2 ) fixed or random flock-year effects, and 3 ) the presence or absence of the covariance between direct and maternal genetic effects in the model assumptions on computing time and on estimates of parameters. on artificial rearing of surplus lambs. According to regulations of the Sheep Breeders' Association, birth weight has to be taken at day of birth or at the following day, and 30-d weight at the age of 27 to 33 d. Average daily gain to end of test (ADG30) was calculated from these data. The population mean of the trait was 300 g. This growth rate may be compared with 220 g (Maria et al., 1993) of Romanov lambs (birth to weaning), and 316, 271, and 201 g (Tosh and Kemp, 1994) of Hampshire, Polled Dorset, and Romanov lambs (birth to 50 dl, respectively. Lambings in the breed were spread over the whole year with percentages of 9.2, 10.4, 14.3, 11.3, 7.5, 3.6, 2.0, 1.8, 5.3, 16.3, 8.4, and 9.8 of the lambs born in January through December, respectively. Average flock size in Switzerland is small (8.5 ewes for this breed; Annual Breeding Report, 1995) . Flock-year effects ( F Y ) (i.e., lambings between August and July of the following year) were used to account for part of the contemporary environmental effects. Although lambings occur in all months of the year, seasonal effects have not been included in the contemporary group definition in order to avoid a large number of very small groups. A minimum number of five lambs per contemporary group was required.
The different data sets used for the investigations are described in Table 2 . In order to use as much of the available data as possible, but due to limited computer resources, the complete data set of 42,644 lambs after exclusion of contemporary groups with less than five lambs (Set A) was randomly split into four subsets (sets A1 to A4). All observations of a flock were assigned to the same subset. Sets A1 to A4 overlap to some extent with respect to pedigree animals without recorded weight. Data Set B, a subset of records from August 1989 to July 1992, was used to investigate the influence of amount of pedigree information on computing time and on parameter estimates.
The existing diffkulties t o estimate the maternal effect and its correlation to the direct genetic effect, even from data of experiments designed specifically for that purpose, have been shown by Meyer ( 1992). Meyer gave a list of covariances between relatives that contain information on (colvariances of maternal and direct genetic effects and demonstrated that covariances between grandparents and grand offspring provide information for the estimation of the covariance between direct and maternal effects. Therefore, another subset (Set C ) of the data was created from Set A with the aim to concentrate as many of the informative combinations of relatives as possible. To achieve this, a lamb, its parents, and its grandparents in data set A were flagged if at least one grandparent of the lamb had a weight record. All FY contemporary groups containing at least one flagged animal were included in Set C. The set was also used, together with sets A1 to A4, to investigate the influence of model assumptions on the parameter estimates. The REML estimates of (co)variance components for an animal model were obtained for ADG30 with the DFREML program of Meyer (1993a) , which uses a derivative-free algorithm to maximize the likelihood.
Two random maternal effects, a genetic (M) and a permanent environmental effect ( P), were incorporated into the statistical model. Thus, the same basic linear statistical model for the genetic effects described by Maria et al. ( 1993) and Tosh and Kemp (1994) for sheep data was used. As defined here, P contains both the true permanent environmental and litter effects. In analogy to additive genetic variance and heritability ( h2), the variances due to M and P are also given relative t o the phenotypic variance and denoted with m2 (maternal heritability) and p2. Number of parity (1, 2, 3, and 2 4), number of lambs born alive ( 1, 2, and 2 31, and sex of lamb (male or female) were included as fixed effects in all models.
Because many FY contemporary groups contained only a small number of lambs, the FY effect was taken as fixed or as random. For weight traits of sheep as well as for beef cattle, the various estimates of the correlation between direct and maternal genetic effect ( r a ) reported in the literature differ to a large extent. For growth traits in sheep, expressed as average daily gain to a certain age, recent estimates, according to Maria et al. (19931, were between -.62 and -.99. In some instances Meyer (199313) found differences in the estimates of the same parameter if the covariance between direct and maternal genetic effect (cov[A,M]) was deleted from the model. Therefore, estimations with and without cov(A,M) were carried out.
The influence of the amount of pedigree information on computing time and on estimates of parameters was investigated with Set B (Table 3 ) and a model with fixed FY effects and the assumption of existing covariance between direct and maternal genetic effect. The first estimation was done using all available pedigree information. In the second one, only parents and grandparents of each lamb were included in the pedigree list.
The influence of the model assumptions on the estimates was investigated using sets A1 to A4 and C, and four combinations of the assumptions:
The assumption on absence or presence of cov(A,M) leads to Models 7 and 8 of Meyer (1993a) . To save computing time, this comparison was carried out only with the reduced pedigree list of each data set.
Results and Discussion
Data Structure. Table 3 compares the pedigree structures of both complete and reduced pedigree information of data sets B and C. It is quite remarkable that a large part of the lambs had more than three complete generations of ancestors in their known pedigree. The increase of this characteristic from Set B to Set C is partly a consequence of the longer period of time with weight records of lambs available in Set C and partly due to the selection rule applied t o form Set C (i.e., lambs with at least one recorded grandparent). In the reduced pedigree lists, lambs with more than the anticipated two complete generations of ancestors appeared because each lamb and its ancestors were treated independently of all other lambs. Thus, the longer the time span with available records, the more recorded lambs also appear as parents. With the complete pedigree list, a high percentage of lambs was inbred in both data sets (Table 3) . The average inbreeding coefficients of inbred lambs with reduced pedigree information show that matings between close relatives are fairly common in this population. From Table 3 it can be seen that 2,619 additional animals appeared in the complete pedigree list of Set B. These lead to 5,238 (+19.4%, Table 4 ) additional equations in the mixed-model system. The number of non-zero elements that had to be processed in every evaluation of the likelihood, however, increased 4.6 times, and the computing time t o reach convergence (i.e., variance of simplex function values I 10-8 [Meyer, 1993al) increased 21.2 times ( Table 4 ). The program uses the sparse-matrix technique to store the non-zero elements of the equations and the minimumdegree algorithm to reorder the system. The squared ratio of the numbers of non-zero elements of both equation systems was nearly identical to the relative increase in computing time. This figure is independent of the type of computer used. It was a surprise that a relatively moderate increase of 17.9% of animals in the pedigree list caused such an enormous increase in non-zero elements in the system of equations and, therefore, in computing time. The question arises whether, for populations with extensive pedigree information estimation of parameters with limited computer resources should be done using several small data sets and extensive pedigree lists or only one ( o r very few) large data set(s) and reduced pedigree list(s). For a solution to this problem, bias and standard error of the estimates would have to be taken into account. The observations on computing time lead to the decision t o use only the reduced pedigree list for sets A1 to A4, not to mention Set C, which contained nearly four times as many lambs and even more pedigree information than Set B (Table 3 1, to estimate REML (co)variance components for ADGSO, being aware of possible bias that might be introduced by this limitation. The estimated parameters from both analyses of set B are presented in Table 4 along with cubic approximations of their SE (Meyer, 1993a found that estimates were unbiased only if all pedigree information was included in the estimation. It should be emphasized that, until now, hardly any selection on ADG30 was performed in this breed, and that biases from incomplete information are more important in selected than in random mating populations (Jensen et al., 1990) .
Models for Analyses. Estimates of the parameters of the random effects in the model for ADG30 are given in Table 5 for the four combinations of cov(A,M) absent or present and FY fixed or random given above, and the five data sets, A1 to A4 and C. Including cov(A,M) into the model assumptions had a most striking influence on the estimates of both the direct and maternal heritabilities, which increased dramatically, irrespective of the other assumption, but somewhat less if the F Y effect was taken as random. The large negative estimates for cov(A,M) were the reason for the observed changes in the other parameters. Similar observations, but to a lesser extent, were reported by Meyer (1993b Meyer ( , 1994 from analyses of beef cattle data. For Set C and model 8R, the sampling (Meyer, 1993a) .
dCubic approximation of SE (Meyer, 1993a) in parentheses. CFor a description of data sets see Table 2 .
correlations from a quadratic approximation (Meyer, 1993a) between the estimates of h2 and m2, h2 and COV(A,M)/G, and m2 and COV(A,M)/{ were .58, -.82, and -238, respectively. Jensen et al. (1994) reported a sampling correlation between h2 and m2 of .36 for 60-d weight in the Danish Marsh sheep. It is difficult to estimate these parameters with a low degree of dependency, even from experimental data designed specifically for this purpose, not to mention field data, as demonstrated by Meyer (1992) . The Gibbs sampler might improve the estimation of dependent parameters, as explained by Jensen et al. (1994) . Estimates of parameters from Set C, which contained many more informative combinations of relatives with respect to the maternal effect, showed the same trends as the estimates from Sets A1 to A4, although estimates from Set C were often lower than the average of the estimates from sets A1 to A4. Considering only the heritability estimates (Table 5 ) , it can be seen that including cov(A,M) probably did not improve the model much in the genetic, but more in the statistical sense. The maximum of the log of the likelihood increased by 34.6 units for model 7R against 7F and by 20.8 units for model 8R against 8F, but the heritability estimates became unrealistically high.
Taking the FY effect as random reduced heritability estimates for both cases, cov(A,M) present or absent. The change of the estimates of the maternal effect was in the opposite direction in most cases. Taking the FY effect as random increased the phenotypic variance considerably, as was expected. From the results of Estimates of the genetic parameters (h2, m2, and r m ) exhibited quite a variation between Sets A1 to A4, although all sets contained a substantial number of observations and a similar data structure (Tables 2  and 5 ). All estimates of the heritability from Set C were below the range spanned by the estimates from Sets A1 to A4. For the other parameters, no such systematic separation could be observed. The structure of Set C was somewhat different from the other four. An average FY contemporary group contained three more lambs (+19%) than in Sets A1 to A4, and a sire had on average 10 more offspring (+63%). Because Set C contained all easy-to-find informative combinations of relatives with respect to the maternal effect, estimates from this set were to be preferred over the average of the estimates of the four sets A1 to A4.
If one looks at total heritability as proposed by Willham (1972) , h: = (6 + 1.5 cov(A,M) + .,U&)/<, the differences observed between the heritability estimates with cov(A,M) present or absent disappeared to a large extent (Table 6 ). Permanent environmental effects within fixed or random FY contemporary groups as well as the estimated parameters for the random FY effect themselves were not affected much by considering cov(A,M) or leaving it out. The residual variance, conversely, was substantially reduced when cov(A,M) was taken into account.
Estimates of Parameters and Comparison to Other Reports.
To stay in line with other work on sheep data, only estimates of Table 5 from models with fixed FY effect, 7F and 8F, will be taken into account in the following discussion. The heritability for ADG30, .20 (.39) is within (slightly above) the following estimates of .l5 (Djemali et al., 1994) for the Barbarine breed (10 to 30 dl, .26 (Maria et al., 1993) for the Romanov breed (birth to weaning), .l2 (Boujenane and Kerfal, 1990) for the D'man breed (birth to 30 d), .03 (Khaldi and Boichard, 1989) for the Barbarine breed (10 to 30 dl, .35 (Mavrogenis et al., 1980) for the Chios breed (birth to weaning), or .24 (Bonaiti et al., 1976) for the Merino d'Arles breed (10 to 30 d). One notices a striking variation of estimates. This must be a consequence of the different breeds, models, population structures, methods of estimation, definitions of the trait, and sizes of data sets and renders a useful comparison difficult.
Only a very small maternal effect was found for this breed, which is in some contrast to the estimate reported by Maria et al. (1993) of .l7 in the Romanov breed, although the same definition of the permanent environmental effect was used in both analyses. The estimate of .05 given by Khaldi and Boichard (1989) was larger, but probably also not significant. The SCHNEEBERGER aFor a description of models see Table 5 .
estimate of the permanent envirocmental effect, however, was much larger than that reported by Maria et al. (1993) .
Two sampling correlations between m2 and p2, one from Set B and model 8F, the other from Set C and model 8R, were -51 and -.49 and demonstrate a rather strong dependency between the estimates of these two parameters. The correlation found between direct and maternal genetic effects was lower than the estimate of Maria et al. (19931, which was at the limit of the parameter space. There is a lack of estimates for r m of weight gain traits in sheep as well as in beef cattle. Some estimates of rm of weight traits in Hampshire sheep by Tosh and Kemp (1994) and in the Danish Marsh sheep by Jensen et al. (1994) , are also clearly negative. A positive estimate of this parameter was reported by Nasholm and Dane11 (1994) for 3-wk weight from data of a Swedish research flock. In the breed described, whole flock recording was only started in August 1989. Two years from now, more complete data to estimate cov(A,M) may be available, because more parents and grandparents with weight records will be available. This would increase the number of informative combinations of relatives with respect to cov(A,M) substantially.
Implications
Including a large amount of pedigree information to estimate REML parameters causes a dramatic increase in computing time. An evaluation of severity of bias of parameter estimates vs size of data set and pedigree information may be necessary for making an objective decision with respect to an efficient use of computing resources. The estimation of the covariance between direct and maternal genetic effects (cov[A,MI) from field data remains a delicate task, even if one attempts to concentrate informative combinations of relatives in manageable (computing time) data sets. Including cov (A,M) in the model assumptions has to be carefully evaluated. In this investigation, it led to unrealistically high estimates of the direct heritability for average daily gain to 30 d (ADG30). Whether the flock-year contemporary groups are taken as fixed or as random is of secondary importance compared to the question of including cov(A,M). Due to the very low maternal heritability found (.02), selection for increased ADGSO in this breed should be effective, even if the large negative correlation (-.81) found between direct and maternal genetic effect would be taken as a reality.
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